Introduction
This paper is concerned with global attractor of the following initial-boundary problem of atmospheric circulation equations involving unknown functions u, T, q, p at x, t x 1 , x 2 , t ∈ Ω × 0, ∞ Ω 0, 2π × 0, 1 is a period of C ∞ field −∞, ∞ × 0, 1 : ∂u ∂t P r Δu − ∇p − σu P r RT − Rq κ − u · ∇ u, 1.1
where P r , R, R, and L e are constants, u u 1 , u 2 , T , q, and p denote velocity field, temperature, humidity, and pressure, respectively; Q, G are known functions, and σ is constant matrix:
The paper is organized as follows. In Section 2, we recall preliminary results. In Section 3, we present uniqueness of the solution to the atmospheric circulation equations. In Section 4, we obtain global attractor of the equations.
· X denote norm of the space X; C and C i are variable constants. Let H {φ u, T, q ∈ L 2 Ω, R 4 | φ satisfy 1.4 , 1.6 }, and H 1 {φ u, T, q ∈ H 1 Ω, R 4 | φ satisfy 1.4 , 1.6 }.
Preliminaries
Let X and X 1 be two Banach spaces, X 1 ⊂ X a compact and dense inclusion. Consider the abstract nonlinear evolution equation defined on X, given by du dt Lu G u , u x, 0 u 0 ,
2.1
where u t is an unknown function, L : X 1 → X a linear operator, and G : X 1 → X a nonlinear operator. A family of operators S t : X → X t ≥ 0 is called a semigroup generated by 2.1 if it satisfies the following properties: 1 S t : X → X is a continuous map for any t ≥ 0; 2 S 0 id : X → X is the identity; 3 S t s S t · S s , for all t, s ≥ 0. Then, the solution of 2.1 can be expressed as u t, u 0 S t u 0 .
2.2
Next, we introduce the concepts and definitions of invariant sets, global attractors, and ω-limit sets for the semigroup S t .
Definition 2.1. Let S t be a semigroup defined on X. A set Σ ⊂ X is called an invariant set of S t if S t Σ Σ, for all t ≥ 0. An invariant set Σ is an attractor of S t if Σ is compact, and there exists a neighborhood U ⊂ X of Σ such that for any u 0 ∈ U,
In this case, we say that Σ attracts U. Particularly, if Σ attracts any bounded set of X, Σ is called a global attractor of S t in X.
For a set D ⊂ X, we define the ω-limit set of D as follows:
where the closure is taken in the X-norm. We say that S t : X → X satisfies C-condition, if for any bounded set B ⊂ X and ε > 0, there exist t B > 0 and a finite dimensional subspace X 1 ⊂ X such that {PS t B} is bounded, and
2.5
where P : X → X 1 is a projection. 
has eigenvalue {β k } ∞ k 1 , and 
Uniqueness of Global Solution
Proof. From 1 , u, T, q ∈ L ∞ 0, T , H ∩ L 2 0, T , H 1 , 0 < T < ∞ is the weak solution to 1.1 -1.7 . Then for all v, S, z ∈ H 1 , 0 ≤ t ≤ T , we have 1 P r Ω uvdx Ω TSdx Ω qzdx t 0 Ω −∇u∇v − σuv RT − Rq v 2 − 1 P r u · ∇ uv − ∇T ∇S u 2 S − u · ∇ TS QS − L e ∇q∇z u 2 z − u · ∇ qz Gz dx dt 1 P r Ω u 0 vdx Ω T 0 Sdx Ω q 0 zdx.
3.1
Set u 1 , T 1 , q 1 and u 2 , T 2 , q 2 are two weak solutions to 1.1 -1.7 , which satisfy 3.1 .
3.2
Let v, S, z u, T, q . We obtain from 3.2 the following:
Abstract and Applied Analysis
3.4
Abstract and Applied Analysis 7 By using the Gronwall inequality, it follows that
which imply u, T, q ≡ 0. Thus, the weak solution to 1.1 -1.7 is unique. Proof. According to Lemma 2.4, we prove Theorem 4.1 in the following two steps.
Existence of Global Attractor
Step 1. Equations 1.1 -1.7 have an absorbing set in H. Multiply 1.1 by u and integrate the product in Ω:
Multiply 1.2 by T and integrate the product in Ω:
Multiply 1.3 by q and integrate the product in Ω:
We deduce from 4.2 -4.6 the following:
4.7
Let ε > 0 be appropriate small such that
4.8
Then,
Applying the Gronwall inequality, it follows that
Then, when M 2 > C 4 /C 3 , for any u 0 , T 0 , q 0 ∈ B, here B is a bounded in H, there exists t * > 0 such that
where B M is a ball in H, at 0 of radius M. Thus, 1.1 -1.7 have an absorbing B M in H.
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Step 2. C-condition is satisfied. The eigenvalue equation: 
4.13
When k → ∞, λ k → −∞. Let δ be small positive constant, and N 1/δ. There exists positive integer k such that
4.15
Let P i : L 2 Ω → E i be the orthogonal projection. Thanks to Definition 2.3, we will prove that for any bounded set B ⊂ H and ε > 0, there exists t 0 > 0 such that Then,
4.19
where ε 1 is a constant which needs to be determined. From 4.14 , we find that
4.20
We deduce from 4.11 the following:
Using 4.19 -4.22 , we find that
4.23
Let
By the Gronwall inequality, we find that
Then, there exists t 1 > t * satisfying
Multiply 1.2 by T and integrate over Ω . We obtain
4.29
where ε 2 is a constant which needs to be determined.
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Abstract and Applied Analysis From 4.14 , we find that
4.30
Using 4.22 and 4.29 -4.31 , we find that
4.32
Then, there exists t 2 > t * satisfying 
4.38
where ε 3 is a constant which needs to be determined. From 4.14 , we find that
4.39 
